Fructose 2,6-bisphosphate in rat small intestine In a previous report from this laboratory, Jamal et al. (1984) attempted to establish a role for fructose 2,6-bisphosphate in the regulation of phosphofructokinase from intestinal epithelial cells. However, they were unable to detect any fructose 2,6-bisphosphate in mucosa taken from luminally-perfused whole intestine, although they were able to detect it readily in liver, as expected. Subsequently, Louis et al. (1985) reported that fructose 2,6-bisphosphate was present in isolated enterocytes at concentrations comparable to those observed for liver (Hue, 1982; Pilkis et al., 1983) . In this letter we report that fructose 2,6-bisphosphate is in fact present in mucosa under the conditions used by Jamal et al. (1984) , but that its concentration is one order of magnitude less than under those used by Louis et al. (1985) . The difference reflects differences in intestinal preparation and also in the composition of the commercial diets with which the rats were fed.
Enterocytes prepared from the intestine of fed rats exhibit high rates of glucose utilization, the major proportion of which can be accounted for by the production of lactate and alanine (Table 1) . The apparent maximal rates for glucose utilization and lactate production (± S.E.M.) were 28.1 + 4.5 and 41.0 + 7.1 ,umol/ min per g dry weight respectively and the corresponding values of the apparent Km for glucose were 1.7 + 0.4 and 2.2 + 0.5 mm (n = 5). Consistent with these observations we were able to detect large increases in the concentration of fructose 2,6-bisphosphate, which were significantly different at each increase in concentration of glucose tested. In enterocytes from rats starved for 48 h, the maximal rates of glucose utilization and lactate production were only 6.6 + 0.7 and 7.7 + 0.6 ,tmol/min per g dry weight respectively: the corresponding values of the apparent Km for glucose, 0.5 + 0.2 and 0.32 + 0.04 mm (n = 4), were significantly lower (P < 0.05) than those obtained with cells from fed animals. The concentration of fructose 2,6-bisphosphate was decreased to of the values found in enterocytes from fed animals and was much less responsive to changes in the external glucose concentration.
The concentrations of glucose producing half-maximal increases in fructose 2,6-bisphosphate in fed and starved animals were 0.46 + 0.07 and 0.10 + 0.02 mm respectively. These values are 4-5-fold less than the corresponding values of apparent Km for glucose utilization. A possible explanation for these differences might be that substrate supply for glycolysis in enterocytes is controlled by transport processes that saturate at a higher glucose concentration (Debnam & Levin, 1975) than required for the saturation of fructose 2,6-bisphosphate production.
Our present data with isolated enterocytes confirm the report by Louis et al. (1985) in quantitative detail (compare, for example, our data at 1 mm-and 5 mMglucose in Table I with the corresponding data in (1984) reported that the activity ratio (that is, the ratio of the activity observed at pH 7.0 in the Masola & Evered (1984) , and incubated for 10 min at 37°C with the indicated concentrations of glucose. At the end of the incubation, a 1 ml aliquot was withdrawn, added to 50,1l of I M-NaOH and heated to 80°C for 10 min. Fructose 2,6-bisphosphate was then assayed as described by van Schaftingen et al. (1982) . Glucose, lactate and alanine were assayed in neutralized HC104 extracts by standard enzymic methods (Bergmeyer, 1974 C& 0.5 mM-fructose 6-phosphate and 2.5 mM-ATP to the maximal activity at pH 8.0) of phosphofructokinase in mucosal homogenates was less for starved than for fed rats. They found, however, that the activity ratios were unaffected by chromatography of extracts on Sephadex G-25 and therefore that the difference in regulatory properties was unlikely to be caused by a lowMr effector such as fructose 2,6-bisphosphate. Jamal et al. (1984) used mucosa taken from luminallyperfused whole intestine rather than isolated enterocytes for their experiments. If it were to be the case that mucosa from whole intestine contained the same concentration of fructose 2,6-bisphosphate (13.5 nmol/g dry wt.) as did enterocytes from fed rats incubated with 5 mM-glucose, then it can be calculated that the concentration of fructose 2,6-bisphosphate would have been about 30 nm in the cuvette for its assay. This value is well above the Ka of liver phosphofructokinase (18 nM) under the conditions in which it was used by Jamal et al. (1984) to assay fructose 2,6-bisphosphate; the fructose 2,6-bisphosphate would thus have been readily detectable, even though the liver enzyme is less sensitive to fructose 2,6-bisphosphate than the pyrophosphate-dependent phosphofructokinase from potato tubers used here: indeed, comparable concentrations in liver were so detected. It was therefore clear that there must be significant differences between enterocytes and mucosa.
For the studies with mucosa we preferred to work with whole intestine, since the latter is easy to freeze-clamp and we wished to avoid any possible changes in fructose 2,6-bisphosphate concentra^tion that might be caused by delay in obtaining mucosal scrapes. The rates of glucose utilization and lactate production in isolated luminallyperfused whole intestine with 5 mM-glucose as the sole substrate were 3.1-fold and 3.0-fold less respectively than in enterocytes and the concentration of fructose 2,6-bisphosphate was correspondingly 4. 1-fold less (Table 2) . At 28 mM-glucose there was a large increase in both glucose utilization and lactate production, but with an increase in the concentration of fructose 2,6-bisphosphate of only 250. The disproportionately large increase in glycolysis could be explained by an increase in the tissue content of hexose 6-phosphates or by compartmentation of fructose 2,6-bisphosphate within the intestine. For this reason we also measured the fructose 2,6-bisphosphate content of slices of intestinal muscle incubated at various glucose concentrations. Glucose utilization and lactate production were very low when compared with enterocytes (Table 3) . However, fructose 2,6-bisphosphate was found in the muscle; at 5 mM-glucose, its concentration was about 600 of that in enterocytes, although there was very little increase with increasing glucose concentration. These results, when taken together with the fact that the ratio of mucosa to muscle is almost 2:1 on a dry weight basis (Bronk & Parsons, 1965) , suggest that mucosal cells are responsible for the major proportion of the glucose metabolism and fructose 2,6-bisphosphate content observed in the perfused whole intestine. A possible reason for the large increases in metabolism and in fructose 2,6-bisphosphate concentration observed in enterocytes compared with mucosa in whole intestine could be that the membranes of enterocytes prepared by EDTA treatment are permeable to small molecules (Velasco et al., 1986) , so that ion pumping rates and the demand for energy are higher.
Recently, we have found there is a further factor which Vol. 259 Table 2 . Response of glycolysis in luminally-perfused whole intestine to glucose concentration The rates of glucose utilization and lactate production were measured in isolated loops of luminally-perfused proximal jejunum from fed or semi-starved rats (maintained on 0.5 % glucose in the drinking water for 48 h) as described previously . Glucose was present at the indicated concentrations in both the mucosal and serosal solutions. For measurements of fructose 2,6-bisphosphate, the perfusion of the intestine was terminated after 15 min by freezing between blocks of aluminium cooled to the temperature of liquid N2: the frozen intestine was then ground to a powder under liquid N2 and the powder homogenized at 90°C in 4 ml of 50 mmtriethanolamine bicarbonate buffer, pH 8.5, containing 0.2 mM-EDTA. Statistical significance was assessed as in Table I Kellett et al. (1984) and reproduced here in Table 2 show that, with the latter diet, the rates of glucose utilization and lactate production in whole intestine were 1.7-fold and 3.2-fold less, respectively, than with the Bantin & Kingman diet. The correlation between lactate production and fructose 2,6-bisphosphate production (Tables I and  2) glucose utilization and lactate production to those from fed rats maintained solely on the Oxoid diet (Table 2) and so should be expected to have a similar fructose 2,6-bisphosphate content. At 5 mM-glucose, intenstine from semi-starved rats had a fructose 2,6-bisphosphate concentration of 1.39 + 0.72 nmol/g dry wt. This value is 2.4-fold less than for whole intestine and 9.7-fold less than for enterocytes from rats fed solely on the Bantin & Kingman diet. We therefore conclude that the concentration of fructose 2,6-bisphosphate in intestine under the conditions used by Jamal et al. (1984) was an order of magnitude less than under the conditions used by Louis et al. (1985) . Different types of intestinal preparation, when used in conjunction with different brands of commercial chow diet, can result in very different rates of glucose metabolism and fructose 2,6-bisphosphate concentration.
